Optical spectroscopy methods are widely used in studies of drugs. The anity of camptothecins anticancer agents to human serum albumin (HSA) was determined in this work. Camptothecins (CPTs) exist in two forms: active lactone and open ring inactive carboxylate. In blood, the hydrolysis process of lactone form occurs which leads to deactivation of CPTs. Research is being done on biophysical properties of synthesized CPT compounds, in particular on binding to albumin. The anity to plasma proteins is an important determinant of stability of CPTs in blood. The following analogues of CPT were tested in this paper: irinotecan, SN-38, topotecan, and 9-amino camptothecin. Using the method of uorescence anisotropy measurement, the association constants of the studied compounds to HSA were determined. The authors attempted to determine the deactivation rate of topotecan in HSA solution using Principal Component Analysis and Factor Analysis of absorption spectra recorded during hydrolysis process of lactone form.
Introduction
The methods of optical spectroscopy are useful tools in specifying biophysical properties of uorescent compounds used in therapy. The analysis of shapes of absorption and uorescence spectra and uorescence anisotropy measurements of uorophores both free and bound to proteins provide useful information about the binding and allow to determine quantitatively the degree of binding drugs to albumin [1] . The anity of camptothecins to human serum albumin was determined in this work.
Camptothecins (CPTs) are derivatives of a plant alkaloid which exhibit strong anticancer properties. CPT was isolated in the 1960s from a tree Camptotheca acuminate [2] . Interest in camptothecin increased in the 1980s and 90s, after the discovery of its mechanism of action based on inhibition of nuclear enzyme topoisomerase I which is involved in DNA replication [3] . This interest resulted in the synthesis of many analogues, two of which were introduced as a medicine in anticancer therapy (topotecan, irinotecan), while some other are at the stage of clinical trials [4] . Camptothecins exist in two forms: lactone, stable at pH<5. 5 , and open ring carboxylate, stable at pH>9 (Table I) . Only the lactone form is active with respect to inhibition of topoisomerase I. In blood and uids at physiological pH, the α-hydroxy δ-lactone ring moiety hydrolyzes which leads to deactivation of CPTs [5] . The process of deactivation is accelerated in a solution containing albumin. It is caused by irreversible binding of carboxylate form to this protein and leads to rapid loss of anticancer properties of camptothecins. On the other * corresponding author; e-mail: blanka@cm.umk.pl hand, lactone form molecules of CPTs bound to membranes do not hydrolyze [68] . Taking into account these two points one can conclude that the best stability in blood have these analogues of CPT which exhibit high anity of lactone form to cell membranes and low anity of carboxylate form to human serum albumin. The aim of this study was to determine the anity for albumin of the following camptothecin analogues: irinotecan (CPT-11), SN-38, topotecan (TPT), and 9-amino camptothecin (9-amino-CPT). Chemical structures of these compounds are presented in Table I . The 7-ethyl-10-hydroxycamptothecin (SN-38) is the active component of irinotecan.
The analysis of changes in the shapes of uorescence and absorption spectra recorded during lactone ring opening allows to study the rate of hydrolysis. This approach is based on the dierences in shapes of uorescence or absorption spectra of the lactone and carboxylate forms of CPTs. Because of conversion of the lactone form into the carboxylate during the hydrolysis process, both uorescence and absorption spectra evolve [9] . The set of evolving uorescence/absorption spectra is analyzed using two methods of multivariate analysis, i.e.
principal component analysis (PCA) and factor analysis (FA) [10, 11] . This paper presents the results of application of PCA and FA to sets of absorption spectra of camptothecin and topotecan recorded during hydrolysis in PBS and HSA solution.
The method of steady-state uorescence anisotropy measurement enables to determine the quantitative measure of drug anity to albumin, i.e. the association constant. The base for application of this method is that for a small, fast rotating uorophore (e.g. free CPTs molecule), steady-state anisotropy is small, close to zero.
In turn for a big, slow rotating uorophore or a molecule 
Principles of PCA and FA method
To determine the rate of camptothecins deactivation, the method of absorption spectra analysis was used. Conversion of the lactone to the carboxylate during hydrolysis caused changes in their absorption spectra. The set of absorption spectra recorded during opening of the lactone ring of CPT can be arranged as a data matrix X and analyzed using principal component analysis (PCA) [10] .
The data matrix can always be written as a product of two other matrices X = CB, where C can be interpreted as a matrix of coecients needed to reconstruct 
Principle of uorescence anisotropy method
The overall association constant is dened using for-
, where F f and F b are the fractions of ligands free and bound to albumin, and L represents the total concentration of HSA [7, 12, 13] . Because
The inverse of the fraction of bound ligands is a linear function of the inverse of HSA concentration. The F b fraction can be determined for all examined concentration L by uorescence anisotropy measurements. The procedure was described previously [12] . Finally, by regression 1/F b on 1/L, the association constant can be calculated. (Table II) indicate that three PCs exist, both in PBS and HSA.
Instrumentation
The rst three PCs are much more informative when A-64 panels A and B. Using method described in [12] , the double-reciprocal plots were drawn (C and D) and the association constants of drugs binding to albumin were calculated (Table III) . The uorescence anisotropy of 9-amino-CPT was measured at pH 3 because of low uorescence of this compound at pH 7.4 [15] . Unfortunately, the addition of albumin causes a further uorescence quenching which makes determination of anity constant of 9-amino-CPT by the anisotropy measurements impossible.
The highest binding to albumin among the studied analogues is demonstrated by carboxylate form of CPT.
The dierence between the anity of lactone and carboxylate form of CPT for albumin is so big that it is impossible to determine the anity constant of CPT lactone to HSA using uorescence anisotropy method. SN-38 binds to albumin to a moderate degree. Its association constant is large in comparison to TPT and CPT-11.
However, carboxylate form of SN-38 binds HSA weaker Table III, are comparable The uorescence anisotropy method allows to determine the anity of uorescent camptothecin derivatives to albumin. Presented results conrm that the CPT carboxylate exhibits high anity to HSA which leads to the total hydrolysis of the lactone form in albumin solution.
The poor anity of carboxylate forms of TPT, CPT-11,and 9-amino-CPT to albumin and weaker anity of SN-38 carboxylate than SN-38 lactone are desirable features which improve stability of the studied compounds in blood.
